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(57) Abstract 

The invention discloses a cross connect architecture for SDH signals, in which the input stage is composed of parallel TS switch 
blocks (TSW-SSW), the centre stage (MSW) is composed of parallel lime and space switch blocks (STS; TxT-S) and the output stage is 
a symmetrical mirror image of the input stage. It is advantageous that the centre stage have a large number of blocks (MSW) relative to 
the minimum need, even double as many, whereby in practice a non-blocking switching network is obtained. All the switch blocks have 
doubled control memories, which ensure interference-free reconnections. 
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Non-blocking switching network 

The present invention relates to a non-blocking switching 
network for the cross-connection of transmission signals and 
especially SDH signals. 

5 In the telecommunications field, within transmission technology 
a shift is being made from manual switching to the use of 
remote-controlled cross connect equipment for the transmission 
of time-divided signals in a telecommunications network. 

The recommendations CCITT G.707 define the Synchronous 
10 Transport Module (STM-1) signals of the first level of SDH 
signals, the transmission rate of which is 155,520 Mbit/s. 
Other defined levels are STM-4 and STM-16. The recommendation 
CCITT G.708 defines the frame structure STM-N (in which N = 1, 
4, 16). The STM-1 basic frame is composed of bytes (8 bits). 
15 The STM-1 frame enables the transmission of 63 subsystem 

containers (eg, TU-1^, Tributary Unit, which can contain a 2 
Mbit/s signal of an ordinary 30-channel PCM system) . The STM-N 
frames are assembled into logical multiframes and, for example, 
in the AU-4 multiframe signal there are four frames, ie, STM-1 
20 signals. The SDH signals, or Transport Modules, are formed from 
the signals of the subsystems by the interleaving of bytes. 

Digital Cross Connect systems have been defined for SDH; the 
CCITT draft recommendations G.sdcx-1. • .-3 . SDH DXC defines 
(abridging freely) : "A digital SDH cross connect is a cross 
25 connect device having two or more interfaces at SDH rates 

(G.707) and being at least able to terminate a transmission 
section and to controllably, transparently connect and 
reconnect virtual containers (VC) between the interface ports." 

The mentioned CCITT SDH recommendations try to define the 
30 logical function, ie, a functional structure of devices, but 

they avoid the detailed structural description of the devices. 
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An SDH DXC can transmit traffic between different SDH levels 
and connect traffic between different signals. The use of the 
cross connect also includes a possibility for remote control of 
routing, initialization of reserve routes, connection from one 
5 signal to several signals (broadcasting, copying) , and so on. 
The connections are usually bidirectional. 



The remote control of an SDH cross connect facilitates the 
making of connections and fast rearrangement. In addition, 
important functions can be implemented, such as network backup 
10 to protect against equipment and cable damage. 

Cross connects can be implemented with a number of 
architectures. Known are the T^S structure and the TST 
structure. The first of these is completely non-blocking, but 
in large equipment the size of the switching field becomes 
15 large because the size of the switching field increases 

quadrat ically. The other structure is blocking if the capacity 
of the switching section is one-fold and copyable signals are 
required. The non-blocking properties of the structure can be 
removed by doubling the capacity of the switching section. 

20 The problem addressed by the invention is now to demonstrate an 
architecture for cross connection by means of which non- 
blocking switching can be implemented in cross connects, 
nevertheless retaining, in terms of the hardware required, an 
advantageous switching part also in large cross connect 

25 equipment. 

This problem is solved by means of a switching network in 
accordance with claim 1. other advantageous embodiments of the 
invention are disclosed in the dependent claims. 

In a switching network in accordance with the invention the 
30 basic idea is to use relatively small switching elements 

instead of large switching elements. The switching network in 
accordance with the invention resembles a TST structure, but 
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instead of the centremost space switch, a switching network is 
used in which tine switchings, too, are possible. This is 
generally rendered by the combination of letters TS' (T&S) *S*T. 
The purpose of the time switchings of the centremost stage is 
5 substantially to remove the known blocking properties of the 
TST basic structure. 

The switching network in accordance with the invention operates 
in a nearly non-blocking fashion since in the TS blocks of the 
input side and the ST blocks of the output side, at any given 
10 time there are outgoing just as many signals as are incoming. 

If it is desired to make the switching network completely non- 
blocking, the number of the centremost space switch blocks 
containing time switchings must be increased. 

Adding blocks also yields a possibility for the very fast 
15 formation of new switching connections since after each 

connection the system always sees to it that all the extra 
blocks remain empty. This means that the switching is carried 
out in two phases whereby in the first phase the switching is 
done using empty blocks and in the second phase the time- 
20 consuming packing of the signals is carried out. If the number 
of space switch blocks containing the centremost time 
switchings is increased to double that of the minimum 
situation, it is in practice possible to guarantee the making 
of a sufficiently large number of switching connections 
25 s imu 1 1 aneous ly • 

The cross connect architecture according to the invention can 
be used at all SDH levels, ie, for the cross connection of the 
defined signals STM-1. • .STM-ie and other corresponding signals. 
The switching network in accordance with the invention is also 
30 suitable for the cross connects of other transmission signals 
when the signals are of a frame structure and can be 
synchronized. Where SDH is involved, connections can be made 
solely at the AU-4 level or else at all AU-4, TU-3, TU-2 and 
TU-12 levels. 
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The invention is discussed in greater detail in the following 
with reference to the accompanying Figure 1, which shows a 
schematic block diagram of the switching network according to 
the invention. 

5 The switching network shown in Figure 1 is of the form 

TS» (T&S) 'S'T, whose basic structure resembles a TST structure 
but in place of the centremost space switch a space switch 
network is used in which time switching connections are also 
possible (T&S) . The switching network is composed of relatively 
10 small switching elements, for example, 8*16, 16*8, 16^16. 

Proceeding in Figure 1 from left to right, the following 
elements can be observed « The input signals (eg, AU-4) are 
physically connected to the synchronization circuits Sync by 
means of which the same-phase synchronization of all the input 

15 signals to the internal clock of the switching field is 

accomplished. The synchronization circuits contain a flexible 
buffer by means of which the signal frames are synchronized to 
be nearly of the same phase. The space and the time switches 
are capable of switching TU-2, TU-3, and AU-4 signals as TU-12 

20 signals. This naturally presupposes that when TU-3 and AU-4 
signals are involved, columns 1-18 in the STM-N frame can be 
processed separately. This makes it possible for the routing 
algorithm to process all the signal levels as if they were TU- 
12 signals. 

25 The input signals are grouped together into groups having n 
inputs IN (eg, n*AU-4), which after the synchronization 
circuits are directed to the time switches TSW (n*n) • The 
outputs of the time switches are connected to the space 
switches SSW, which have n...2n outputs OUT. There are m blocks 

30 of the input side, whereby the total number of signals coming 
to a switching field is n*m. From the space switches of the 
input side the output signals are fanned out to the centremost 
stage MSW of the switching field. The phasing of the signals to 
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precisely the same phases takes place in each space switch 
separately by means of a flexible buffer. 

The space-time switching blocks of the output side are arranged 
symmetrically with the input side, ie, the space switches 
n...2n IN SSW, which have n.««2n inputs IN and n outputs OUT. 
The time switches have n inputs and n outputs. The cross 
connected output signals of the switching field are obtained 
from the outputs of the time switches TSW. 

The number n can be, for example, 8 or 16 as appropriate and m 
can be, for example, in the range 8 - 256. The TSW and SSW 
switches are structurally of a form that is known as such to 
one versed in the art and therefore they are not discussed here 
in any more detail. 

The centremost switching blocks MSW can be of the form STS or 
(TxT)S. In a simple STS case, SSW blocks and TSW switches can 
be used which structurally correspond to the corresponding 
switches of the TS and ST blocks of the input and output sides. 

In this patent application no stand is taken regarding the 
routing of the signals through the switching network because it 
depends completely on the manner in which the routing algorithm 
is implemented. Certain examples of the principles underlying a 
routing algorithm can nevertheless be given: 

The algorithm in the example comprises three parts: 

1) a general solution is obtained for the signals that travel 
through the time and space switches TSW-SSW of the input 
side (on the left hand side in Figvire 1) ; 

2) a general solution is obtained for the signals that travel 
through the centremost MSW switch stage; and 

3) a general solution is obtained for the signals that travel 
through the space and time switches SSW-TSW of the output 
side (on the right hand side in Figure 1) • 
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In the example, the signals in the time and space switches of 
the input side are arranged such that the signals coming to an 
MSW block of the centre stage fulfil the condition: 

A) The number of signals coming to the MSW stage, which go to 
5 an ST block of the output side, ie, to the switch group 

SSW-TSW, must not exceed the number of time slots that are 
available. The signals leaving the TS blocks of the input 
side are first defined such that they fulfil condition A) . 
When routes have been found for the output signals of the 
10 blocks of the input side according to condition A) , a 

solution must be found for the signals that are output 
from the centre MSW block. In the example, two conditions 
are imposed on the outgoing signals: 

B) The outgoing signals should reach the correct ST block of 
15 the output side of the TS*{T&S)»ST structure; and 

C) Two or more time slots cannot be sent to the same port 
s imult aneous ly • 

The switching network in accordance with the invention operates 
nearly without blocking when provision is made that the same 

20 nximber of outgoing as incoming signals are handled at any given 
time in the TS blocks of the input side and the ST blocks of 
the output side. If it is necessary to make the switching 
network completely non-blocking, the nximber of the centremost 
space switch blocks containing time switching connections must 

25 be increased. Increasing the number of blocks also confers the 
possibility of very fast set-up of switching routes since after 
each connection provision is always made that all the extra 
blocks remain empty. If the number of the centremost space 
switch blocks containing time switching connections is doubled 

30 compared with the minimum situation, this can in practice 
guarantee the making of a sufficiently large number of 
switching connections simultaneously. 

The figure does not show separately the control of the switch 
blocks because this can be accomplished in a way that is known 
35 to one versed in the art. The essential point nevertheless is 
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that in each switching element there is a duplex control 
memory, one part of which is in active use at any given time 
whilst the other is passive so as to write a new control data 
signal. Before reconnecting, the new control signal is written 
5 to the switching memories that are passive. Thereafter a 

special signal is used to indicate to each switching element 
that a swap of the control memory will occur at the beginning 
of the next frame. Because the control swap is performed at the 
beginning of the signal frame, for example, at the beginning of 

10 the SDH AU-4 signal frame, the main signal does not incur 

interference. This is based on the fact that the beginning of 
the signal frame does not contain significant data that must be 
transmitted. When the swap has taken place, the previously 
active memories that have been marked passive are updated with 

15 the data according to the new switching situation. 

The idea of the architecture according to the invention is to 
use relatively small switching elements. This means that an 
element is implemented, for example, as an integrated circuit 
or by combining an appropriate nximber of integrated circuits, 
20 for example, 4 - 16, on the same circuit board. 
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Claims 

1. A cross connect architecture for the switching of digital 
signals whereby the switching network comprises an input stage, 
a centre stage and an output stage whereby the inputs of each 

5 centre stage are connected to the output of several input 

stages and the outputs to the input of several output stages, 
characterized in that 

- the input stage is composed of parallel (l...in) time-space 
switch blocks (TSW-SSW) , 

10 - the centre stage is composed of parallel blocks (MSW) foirmed 
by time and space switches, and 

- the output stage is composed of parallel (l..«m) space-time 
switch blocks (SSW-TSW) • 

2. A cross connect architecture in accordance with claim 1, 
15 characterized in that the switch blocks of the centre stage 

(MSW) are composed of space-time-space switches (STS) . 

3. A cross connect architecture in accordance with claim 1, 
characterized in that the switch blocks of the centre stage 
(MSW) are comprised of time-time-space switches (TxT-S) . 

20 4. A cross connect architecture in accordance with any of the 
above claims, characterized in that the switch blocks of the 
input stage have n inputs (IN) and n.,.2*n outputs (OUT) and 
that the switch blocks of the output stage have n.,.2*n inputs 
(IN) and n outputs (OUT) . 

25 5. A cross connect architecture in accordance with any of the 
above claims, characterized in that the number of the switch 
blocks of the centre stage is greater than the number required f 
for the nominal capacity. 

6. A cross connect architecture in accordance with claim 5, 
30 characterized in that the number of the switch blocks of the 
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centre stage is double that of the number required for the 
nominal capacity. 

?• A cross connect architecture according to any of the above 
claims, characterized in that the signals coming to the input 
stage are connected via synchronous circuits (Sync) which 
synchronize the input signals in the same phase mode to the 
internal clock of the switching network. 

8. A cross connect architecture in accordance with any of the 
above claims, characterized in that each switch block (TSW, 
SSW, MSW) has two control memories, one of which is in active 
use at any given time and the other passive for writing a new 
control data signal, 

- whereby the new control data signal is written to the 
switching memories that are passive before reswitching, 

- whereby a special signal is employed to indicate to each 
switching element that a swap of the control memory will occur 
at the beginning of the next frame, 

- whereby when the swap has occurred, the previous active 
memories that were marked passive are updated with data 
according to the new switching situation. 

9. A cross connect architecture in accordance with any of the 
above claims, characterized in that parts of the signals of the 
AU-4, TU-3 and TU-2 levels can be connected in the switching 
elements, such as the signals of the TU-12 level, whereby when 
the AU-4 and TU-3 signals are involved, columns 1-18 of the 
STM-1 frame require their own control. 

10. A cross connect architecture in accordance with any of the 
above claims, characterized in that the new connections are 
made in two phases, whereby first the new signals are routed 
via the empty centre blocks (MSW blocks) , after which packing 
is carried out, whereby the extra blocks are again made empty. 
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11. Use of a cross connect architecture in accordance with any 
of the above claims for the cross connection of SDH signals 
(STM-1. . .STM-16) or ATM signals. 




Figure 
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